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I. 


INTRODUCTION  . 


The  objective  of  this  research  program  is  to  synthesize  new  functional 
groupings  with  potential  utility  in  high  energy  propellants  and  explosives. 
During  the  past  year,  the  major  emphasis  of  this  research  has  been  the  syn- 
thesis of  energetic  examples  of  silicones,  a class  of  polymers  generally 
recognized  to  have  exceptional  lov  temperature  flexibility  as  veil  as  high 
thermal  stability.  The  general  synthetic  procedures  developed  in  the  pre- 
ceding report  period  for  introducing  nitro  and  fluorine  groups  into  silane 
molecules  were  extended  to  polyslloxanes.  Process  improvement  and  scale  up 
studies  vere  made  to  enable  the  preparation  of  sufficient  materials  for 
polymerization  studies.  Some  exploratory  vork  was  also  done  in  the  area  of 
fluorodinltro  substituted  polyphosphazenes. 


II. 


DISCUSSION 


In  the  preceding  report  exploratory  studios  in  the  ar?a  of  fluorcdinitro- 
alkyl  silicon  chemistry  were  described.  Work  with  model  trine thylsilyl  deriva- 
tives showed  that  fluorodinitroalkyl  groups  attached  to  silicon  can  be  prepared 
by  nitrite  displacement  of  halogen,  oxidative  nitration  and  fluorination,  i.e.: 

NaNOp  A -NO,  0H- 

( CH0 ) 0Si CH„ CH^  CH^Br  » C CE3 ) 3Si GIU CS^HOg  — — ^CH^Si'J^CBgCHOlDgJg 


*3  3 2 2 * 

( CE3 ) 3Si  CHp  CH2  CP  ( NCp ) 2 


NaNOp  J J “ “ ~ " F0 

CK- 


In  the  application  of  this  sequence  to  the  preparation  of  a nitropolysiloxane, 
the  phenyl  group  was  applied  as  a silicon  blocking  agent.  Thus,  ( 3 - bromopropyl ) - 
nethyldiphenylsilane  was  converted  in  a similar  way  to  the  fluorodinitro  analog. 
Treatment  of  this  compound  with  bromine  removed  the  phenyl  groups  selectively 
and  gave  the  dibrcmosilane.  Hydrolysis  then  gave  a mixture  of  cyclic  oligomers. 


{ C6H5 ) 2 CH i 3I2  2*2 


( C6H'5  )2  CH3Si  ch2  ch2ch(  no2  )2 


Br^ 


CH"  — o 

» ( c6h5)2ch3si ch2ch2cf( no2 )2  -> 


FCIO., 


HpO 


ch2ch2cf(no2)2 


Br2CH3SiCH2Cl?2.TF(N02)2  - -■->  (-Si-0-)n 

CH„ 


n = 3-5 


Work  had  also  been  initiated  on  the  difunctional  analog  and  (CgH^^SiCCFpdlpCHgNOg^ 
was  obtained. 

The  objective  of  this  v;ork  has  been  to  utilize  the  excellent  low  temperature 
flexibility  ar.d  high  thermal  stability  generally  associated  with  silicones  in 
high  energy  systems.  Low  to  moderate  molecular  weight  poly siloxanes  and  silanes 


2 


are  potentially  useful  as  plasticizers,  and  high  molecular  weight  polys iloxanes. 


as  binders  for  propellants  and  explosives.  Rubbery  polymers  are  of  particular 
interest  because  of  the  paucity  of  available  energetic  examples.  To  obtain 
sufficient  materials  for  polymerization  efforts,  scale-up  and  process  improvement 
studies  were  needed. 

Monomer  Synthesis.  Previously,  the  starting  material,  (3-bromopropyl) methyl- 
diphenyls  ila.ne,  was  obtainsd  by  the  following  route: 

+ CE2=CHCi!20C0CH3  * IH3 ( ) 2Si  CH2  ~i2  CH20  X CH3 


NaOH 

> CH  ( VE ) Si GE  TrI  33  OB 

HQ  3 6 5 2 2 2 2 


ra3-^)- 


SO^Cl 

c. 


w5n5N 


CH3  ( )„Si  Jd2  Jll2  --t20SC2  ^3 


LiBr 


DMSO 


SH  ( ~',yr  1 Si  .'TrT  IK  ^ T>r 

~ny  -6  5 1 2 1 2 2 2"" 


The  addition  of  diphenylmethylsilane  to  allyl  acetate,  catalyzed  by  chloroplotinic 
acid,  was  repeated  three  times.  The  ester  was  not  isolated  but  was  hydrolyzed 
directly  to  the  alcohol.  The  scale  was  increased  to  give  330  g of  alcohol  (U6$ 
yield)  but  a 100$  excess  of  allyl  acetate  was  needed.  Improvements  in  the  pro- 
cedure were  made  by  substituting  allyloxytrimethylsilane  (d^CHCI^OSiC (213)3) 
for  allyl  acetate,  and,  subsequently,  chlorotris(triphenylphosphine) rhodium  for 
cfcloroplatJ nic  acid  as  the  catalyst  (see  Table  l).  Thus,  the  6ilyl  ether  in  10$ 
excess  gave  a 71$  yield  of  alcohol  with  chloroplatinic  acid.  A 15$  excess  of 
the  silyl  ether  with  the  rhodium  catalyst  gave  essentially  a quantitative  yield 
of  the  alcohol.  The  reaction  was  scaled  up  to  yield  about 


Table  1.  Reactions  of  (qgHc)pCHgSlg  with  CHpeCHCEpOXCH-a  and  with  ca?=gHCE?OSi(CH 


*!oles  CHo^GIrl-CH-jOX 

No.  (C*Hc)0CK,SiH  CHjJOp-  ( Cl','  Isl-  Oatalys; 


cSi  •>’  !3InC 


-.ole 


105° 

125 

(0.49) 

4? 

120 

(0.47) 

47 

Tt 

330 

(1-3) 

46 

115° 

66 

(0.2 6) 

63 

100° 

177 

(0.69) 

71 

95-150° 

203 

(c.79) 

79 

120-130° 

1013 

(3.96) 

79 

130° 

1123 

(4.39) 

88 

n 

1255 

(4.90) 

98 

it 

1149 

(4.49) 

90 

Tl 

1200 

(4.69) 

94 

It 

1255 

(4.90) 

98 

tf 

1950 

C7.62) 

99 

of  the  alcohol.  The  3Io  = 2I  JK„CSi( CH  )„  wa s prepared  in  kilogram  quant it ie 


rriet’n  -1  si lan' 


The  alcohol  was  converted  to  the 


solution.  Yields  were  generall; 


sents  an  attempt  to  utilize  the  mother  liquors  from  cyrstallization  of  product, 
which  were  found  by  BM3  to  contain  the  alcohol.  Reacting  this  crude  material 
with  toluenesulfonyl  chloride  pave  a 16^  yield  of  product,  somewhat  less  pure 
than  usual.  The  early  runs  were  carried  out  at  low  temperatures , but  similar 
results  were  obtained  at  ambient  temperature. 

The  substitution  of  the  toluenesulfcnate  by  bromide  was  carried  out  in 
dimethyl  sulfoxide,  using  sodium  bromide  rather  than  the  more  expensive  lithium 
salt  used  previously.  HI®  showed  that  the  yield  of  bromide  was  quantitative,  and 
since  the  next  step  is  carried  out  in  the  sane  solvent,  the  bromide  was  not 
isolated.  Sodium  nitrite  was  added,  and  the  course  of  the  reaction  was  followed 
by  I IMR.  The  experiments  are  summarized  in  Table  b.  The  major  byproduct  is  the 
nitrite,  ( C-E~  )2  CHgSi  Tin  Tin  TIoCIIO,  but  the  alcohol,  ( CgH^  )n  TE^Si  Jhg CHg  TigGH, 
is  also  formed.  Overlapping  TH-iR  peaks  prevent  resolution  of  the  latter  from 
the  starting  bromide,  so  totals  are  given.  In  runs  2-5  and  7-9>  the  crude 
mixture  vas  used  directly  in  the  subsequent  oxidative  nitration  step.  In  the 
other  runs,  the  nitro  compound  was  purified  by  extracting  the  crude  mixture 


with  base  and  precipitating  the  nitro  compound  by  acidifying  the  aqueous  solution. 
The  last  column  of  Table  b shows  the  III-iR  based  yields  in  this  still  somewhat 


impure  material.  The  nitrite  displacent  is  exothermic,  and  the  reaction  tempera- 
ture was  generally  kept  below  35°  with  a cooling  bath.  In  runs  9>  10  end  20, 
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Table 

2.  Allyloxytrimethylsilar.e 

Yield 

g 

GH_=CH-CH_OSi( CH,) 
(moles) 

Run 

No. 

Moles 

CH  =CH-CH,OH 

2 /• 

Moles 

(CH^SiCl 

1 

1 

1 

53 

(0.41) 

4l 

2 

2 

2 

l4o 

(1.08) 

54 

3 

2 

2 

137 

(1.06) 

53 

4 

6 

6 

520 

(4.0) 

67 

5 

24 

24 

2390 

(18.4) 

77 

6 

54 

54 

4543 

(34.9) 

65 

Table  3»  3-(p-Toluenesulfonatopropyl)metfayldlphenylsilane 

Run  Moles  Moles  Moles  Yield 

Toluene  sulf onyl  ( CgH,- ) gMeSi  ( CH2 ) oOTs 

No.  ( Cgflj )2MeSi ( CII2)  3OH  Chloride  Pyridine  Temp  Time  g (Mbles) 


4° 

3 

days  60 

(C.15) 

53 

-16° 

3 

days  472 

(1.15) 

72 

-160 

20 

hrs 

61 

(0.15) 

50 

-16° 

20 

hrs 

69 

(0.17) 

65 

-i6° 

20 

hrs 

35 

(O.O85) 

33 

1 

On 

0 

20 

hr  6 

167 

(0.41) 

59 

20° 

20 

hrs 

198 

(0.48) 

6l 

tf 

1 

1037 

(2.53) 

64 

tl 

t 

1049 

(2.56) 

58 

. tl 

1173 

(2.86) 

57 

It 

1112 

(2.71) 

60 

It 

665 

(1.62) 

46 

M 

1312 

(3.20) 

69 

tt 

1262 

(3-08) 

63 

It 

1925 

(4.70) 

62 

»/•** 


the  temperature  vas  allowed  to  rise  to  about  60°,  and  low  yields  resulted. 

In  run  6,  an  attempt  was  made  to  remove  the  solvent  at  atmospheric  pressure 
rather  than  vacuum,  and  again  the  high  temperature  resulted  in  product  decompo- 
sition. On  a large  scale,  the  alcohol  could  be  recycled,  and  the  nitrite  could 
be  hydrolyzed  easily  to  the  alcohol. 

The  oxidative  nitration  experiments,  converting  the  nitro  compound  to  the 
corresponding  gen-dinitro  compound,  are  summarized  in  Table  5.  Runs  1-b  were 
made  using  the  unpurified  mixture  from  the  nitrite  displacement  reaction.  The 
mixtures  were  extracted  with  the  theoretical  amount  of  base  determined  by  the 
nitro  content,  and  the  aqueous  solution  was  treated  with  silver  nitrate  and 
sodium  nitrite.  In  runs  5-15  the  purified  nitro  compound  described  above  vas 
used.  In  runs  6-15,  a change  in  the  reaction  solvent  was  raade.  The  addition  of 
methanol  gave  a more  easily  filterable  silver  precipitate,  and  yields  of  dinitro 
compound  as  high  as  79$  were  obtained. 

Fluorinations  of  the  potassium  salt  of  the  dinitro  compound  were  carried 

out  with  perchioryl  fluoride  in  methanol  in  as  high  as  35$  yield  (Table  6). 

1 

The 'previously  reported  procedure  was  used.  Variations  in  yields  may  be  reflec- 
tions of  starting  material  quality,  since  the  intermediates  between  this  product 
and  the  toluene sulfonate  were  not  crystallized  or  distilled.  The  fluorination 
product  was  obtained  in  pure  form  by  column  chromatography  on  silica  gel. 

Conversion  of  ( CgHcj ) 2 ^3^ i ^*2 ( NOp ) p to  £r£  TH , 3 i CH^ jHp CF ( IJOg ) g '••’as 
carried  out  by  heating  with  bromine  at  1C0°,  as  reported  previously.^  The  product 
vas  distilled, ar.d  yields  were  as  high  as  7^$  (Table  7)*  3un  3 represents  an 
attempt  to  debromins,te  crude  diphenyl  compound  that  vas  not  purified  by  chromato- 
graphy. 
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Table  5.  Oxidative  nitration 


Run 

No. 

Moles 

Solvent 

g 

NMR  Yield 

,SiCHPCHpCH(HO?)p 
(moles)  io 

1 

0.075 

H20,Et20 

12.7 

(0.036) 

51 

2 

0.69 

If 

73 

(0.22) 

32 

3 

1.41 

ft 

209 

(0.63) 

^5 

4 

0.70 

It 

69 

(0.21) 

30 

5 

0.6l 

If 

81 

(0.25) 

4o 

6 

0.084 

Me0H,H20,Et20 

22 

(0.067) 

79 

7 

0.088 

II 

16 

(0.048) 

55 

8 

0.077 

If 

17 

(0.052) 

68 

9 

0.31 

t» 

64 

(0.19) 

62 

10 

O.31 

II 

63 

(0.19) 

62 

11 

0.35 

If 

89 

(0.27) 

77 

12 

0.26 

It 

57 

(0.17) 

66 

13 

0.33 

II 

85 

(0.26) 

77 

14 

0.46 

II 

104 

(0.32) 

69 

15 

0.33 

It 

64 

(0.19) 

59 

J 


Table  6.  (3-Fluoro-3> 3-Q*nitropropyl)aethyldiphenyl8lIane 


Table  7.  (.3- Fluor o-  3 1 3-dinitr OT>rcroyl ) methyldibromosilane 


( CgE5 )2  CH3SiCH2 CH2  CF( W02 )2 


Br2  CH-jSl  CH2  CH2  OF 


1 

0.032 

6.9 

(0.019) 

61 

2 

0.125 

31 

(0.088) 

70 

3 

0. 1 crude 

7 

(0.020) 

18 

4 

0.26 

57 

(0.16) 

6o 

5 

0.32 

83 

(0.23) 

74 

6 

0.29 

72 

(0.20) 

71 

Bifluorosilanes  are  generally  hydrolyzed  much  more  slowly  than  dibromo- 
silanes  or  dichlorosilaces  under  neutral  or  acidic  conditions,  although  all 
ere  hydrolyzed  rapidly  under  alkaline  conditions.  The  synthesis  of  (3-fluoro- 
3/ 3-dinitropropyl )methyldifluorosilane  was  therefore  undertaken  as  a monomer 
with  selective  reactivity.  Tne  compound  was  obtained  in  80f>  yield  by  the 
reaction  of  HF  in  ethanol  with  polyslloxane6  resulting  from  the  hydrolysis 
of  the  dibromide.  This  method  is  of  particular  value  in  providing  useful  pro- 
ducts from  unreactive  oligomer  fractions,  described  below. 

M°o  NO.  CE, 

i £ i 3 HF  i2  ,3 

(FCCHgCHgSi-0-)n  > FCCEgCHgSiFg 

»<*>  1 bo. 


The  difluoride  was  also  obtained  in  82#  yield  by  the  reaction  of  the  di- 
bromide with  NaF  and  HF  in  ethanol.  It  was  found  that  it  was  not  necessary  to 
purify  the  dibromide  used  as  a starting  material  for  this  displacement.  Addi- 
tion of  HF  to  the  crude  material  resulting  from  dephenylaticn  gave  the  dlfluo- 

ride  a readily  distillable  liquid. 

NQp  CHo  _ NOq  CH,  N0«  CHq 

' * t 3 Br2  i 2 i 3 HF  l 2 { 3 

FCCHgCHgSiCCgH^g » FGCEIgCHgSiBrg  > FCC^CEUSiFp 

NOg  NOg  NOg 


The  inertness  of  silicon  fluorides  toward  acids  was  utilized  to  prepare 
the  dimeric  fluoride.  Thus,  the  difluoride  reacted  with  sodium  methoxide  in 
methanol  to  give  the  methoxy  fluoride.  This  methoxy  group  was  cleaved  by 
aqueous  acid,  whereas  the  fluoride  was  stable,  yielding  the  dimer: 


N0;>  CH,  N0o 

i 2 i 3 CH,ONa  t 2 

FCCHgCHpSiFp  — — 

NO.  CH,OH 


?3 


NOg 


CH0  CH 
i 3 * 3 


NO. 


^FCCHgCHgSiFfOCH^ ^FCCHgCHgSi-O-SiCEgCHgCF 

no2  1TCL  F F NO. 


NO. 
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In  the  preceding  report"  several  routes  to  the  analogous  silane  system 
with  two  fluorodinitropropyl  groups  were  described.  The  most  practical  route 
is  shown  in  the  following  reaction  sequence,  and  enough  of  the  nitrite  substi 
tution  product  was  obtained  for  identification.  This  work  was  continued. 


HpPtCl/' 

(C6H5)2S1H2  + CH^CHCBpOXCEj  -= ^IgH^SivOIgC^CEgCXCH^g 


HC1 


(C6H5)2Si(CH2^2:fi2OH}2 


iH7-^ysc0ci  _ 

— w — £-»  ( :6Hc  }2Si(  agCHgC^osoy^-  ch*3) 

“5'  5 


LiBr 

»(  C6H  )2Si ( CE2CH2CR2Br)2 

DMSO  w ? 


The  starting  material  diphenylsilane  was  prepared  by  the  reduction  of  com- 
mercial dichlorodiphenylsilane  with  lithium  aluminum  hydride  in  ether  solvents 
(Table  8).  Work-up  consisted  of  replacing  the  ether  with  hydrocarbon  solvent  to 
precipitate  aluminum  salts,  washing  the  organic  layer  with  ice  water,  and  distill- 
ing the  product. 

The  previously  used  hydrosiiylation  procedure,  with  diphenylsilane,  allyl 
acetate  and  chloroplatinic  acid,  gave  inconsistent  results  (Table  9)«  The  adduct 
was  hydrolyzed  to  the  alcohol  without  isolation  because  the  alcohol  is  a solid. 

NMR  yield  estimates  as  high  as  60$  were  obtained,  but  NMR  cannot  be  used  to  dis- 
tinguish between  monosubstituted  and  disubstituted  silane  units.  Chromatography 
was  necessary  to  give  sufficiently  pure  material  for  crystallization.  The  use 
of  allyl  alcohol  or  allyl  bromide  instead  of  the  acetate,  and  the  use  cf  benzoyl 
peroxide  as  the  catalyst  were  also  unsatisfactory.  A more  satisfactory  method 
involved  the  use  of  JT  pj  ^Rh.Cl  as  the  catalyst  and  CH^CHCHgOS^CRj)^.  This 

method  was  used  in  runs  11-14.  Yields  by  NMR  were  in  the  70-35$  range,  and  the 
products  were  sufficiently  pure  that  they  could  be  crystallized  without  undergoing 
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Table  9 


. Reactions  of  Diphenyls! lane  with  dp - d CHq 030  CH  -3  and  vlth  CII0IIc>CSi ( CE-; ) p 


Run  Holes  Allyl  Isolated  Yield 

No.  (CgK^gSiHg  Catalyst  Substituent  ( GfcHQgSi( 

& i3 


1 

0.27 

HgPtJlk 

OCOCH 

3 

8.1 

10 

2 

0.3 

« 

9 

10 

7 

<■* 

0.1 

it 

12 

4o 

4 

0.07 

11 

8.4 

40 

5 

0.277 

11 

25 

30 

6 

0.1 

11 

12 

40 

7 

0.54 

»t 

16.2 

10 

8 

0.71 

11 

30 

14 

9 

1.0 

ft 

0 

0 

10 

0.2 

11 

24 

40 

11 

o.i 

|(CgH5)3pj3RhCl 

OSi(CH3)3 

21.3 

71 

12 

0.4 

II 

36 

30 

13 

1.0 

II 

174 

58 

14 

1-5 

II 

248 

55 

15 

5 

II 

1090 

73 

16 

5-5 

II 

940 

57 

17 

3 

II 

504 

56 

18 

7.5 

II 

832 

37 

19 

8.15 

II 

1660 

68 

column  chromatography.  Isolated  yields  were  53-73$*  A side  reaction  caused  by  the 
rhodium  catalyst  is  rearrangement  of  the  double  bond  of  the  olefin.  In  run  18  the 
allyl  compound  was  added  very  slowly  in  an  attempt  to  minimize  this  rearrangement. 
NMR  indicated  70$  addition  and  only  a 37$  yield  of  alcohol  was  subsequently  crystal- 
lized. In  run  19  the  allyl  compound  was  added  rapidly;  NMR  indicated  84-$  addition 
and  a 68$  yield  of  alcohol  was  crystallized. 

The  alcohol  was  converted  to  the  dibromide  via  the  toluenesulfcnate  by  the 
same  method  used  for  the  methylsilanes  above: 


(C6H5)2Si('OK2OK2OH2OH)2  + 1H3<£)  SC_ 


Pyridine 


<:6V2Sl(^'H2a!20S02©  a3>2 


*(:6F.5)2Si(^2TH2Ti2Er)2 


Runs  1-10  of  Table  10  were  carried  out  in  this  way.  The  toluenesulfonate  could  not 
be  crystallized  and  was  therefore  not  isolated.  Yields  based  on  NMR  spectra  were 
consistently  30-90$.  The  dibromide  in  most  of  the  runs  could  not  be  crystallized, 
and  the  product  of  runs  1-3  and  6-l4  were  obtained  as  90-95$  pure  liquids  by 


solvent  partition.  In  runs  4,  5>  and  10  the  DM30  solution  was  used  directly  in 
the  following  step.  The  reaction  of  the  alcohol  with  PBr^  'was  also  investigated, 
and  in  early  studies  a reaction  temperature  of  80°  resulted  in  dephenylation. 

With  ether  as  a solvent  and  a reaction  period  of  3 days  at  room  temperature,  yields 
to  8l$  were  obtained.  Run  15  gave  crystalline  product  for  the  first  tine. 

The  reaction  of  the  dibromide  with  sodium  nitrite  was  conducted  in  DMSO,  and 
conversion  of  bromide  units  to  nitro  were  in  the  range  of  50  to  6 5$,  based  on  NMR 
data.  Statistically,  the  incidence  of  two  of  the  desired  nitro  groups  in  a 
molecule  should  be  the  square  of  the  NMR  yield,  and  the  isolated  yields  of  dinitro 
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Table  10.  31s-(3-bror.o?ronyl)aiuhenylsilane 


Run  Moles  Yield 

No.  (C6H5)2S1(CE2CH2C!H20H)2  ( 2^ )2Sl  ( CHg CH2Br )g 

G i> 


1 

0.04 

11.4 

67 

2 

0.0  68 

17.^ 

60 

3 

0.053 

15.1 

67 

4 

0.367 

* 

5 

0.285 

* 

6 

0.677 

138 

56 

7 

3.0 

10  99 

86 

8 

0.44 

124 

66 

9 

2.9 

889 

72 

10 

0.73 

# 

11 

0.1 

21.3 

50 

12 

0.3 

99.7 

73 

13 

2.44 

842 

81 

14 

2.54 

822 

76 

15 

4.96 

1415 

■67** 

* Not  isolated,  used  in 
**  Recrystallized  yield 

subsequent  step 

VtME? 


r 


compound  (Table  11)  are  in  this  range,  as  high  as  3^»  The  use  of  impure  starting 
material  results  in  large  losses  on  recrystallizing  the  product,  and  the  highest 
yields  - runs  9 aud  11  - were  obtained  with  recrystallized  dibromide. 

The  oxidative  nitration  of  (CgH^)gSi( JHgCHgCl^NOgJg  S*ve 

NO, 

I 2 

(C^H  ) Si(CH  CE  1H)  is  summarized  in  Table  12.  Conversions  based  on  NMR  data 

O j d d c.  | c. 


were  60-70$,  but  isolated  yields  of  recrystallized  product  were  only  21  to  38$- 
This  step  is  expected  to  be  particularly  amenable  to  improvements  as  a result  of 
process  studies. 

Attempts  were  made  to  fluorinate  the  potassium  salt  of  this  gem  dlnitro  com- 
pound with  elemental  fluorine,  but  onlv  traces  of  oroduct  were  obtained.  Per- 

NO 

i_2 

chloryl  fluoride,  however,  was  found  to  give  high  yields  of  (C^H_)_Si(CE  CH  CP) 

b j 2 2 2 1 2 

NOg 

after  a suitable  solvent  was  found,  an  equal  mixture  of  water,  methanol  and  di- 
methyl sulfoxide.  Yield  of  60  to  86$  of  recrystallized  product  were  obtained 
(Table  13 ),  and  the  lower  yields  are  attributed  to  impurities  in  the  starting 
material. 

N°2 

Attempts  to  dephenylate  ( ~6^)gSi  ( with  bromine  under  the  condi- 
tions used  with  ( )gSi ( CH^ ) CE2 CHg CF( N02 )p  did2not  give  promising  results. 

Not  more  than  60$  of  the  phenyl  groups  could  be  cleaved.  It  appears  that  a combi- 
nation of  the  electron-withdrawing  and  steric  effects  of  a second  f luorcdinitro- 
propyl  group  is  sufficient  to  render  impractical  the  replacement  of  the  two  phenyl 
groups  by  bromine.  It  was  found,  however,  that  If  water  is  added  to  the  bromi- 
nation  mixture  after  the  initial  reaction  has  run  its  course,  consumption  of 
bromine  becomes  rapid.  Methylene  chloride  and  acetic  acid  were  used  as  solvents. 
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Table  13.  Bis  -(3-fluoro-3»  3-^inltropr3'V'l)dl"henylGilar.e 


:i°2 

v c 5 '<=-  <=  2 | ‘ - 

N0o 


H0„ 

t *2 

( *T  \ O,*  / -TT’  ''*7?  ^ 

UGo 


moles  u 

isolated 

r 

yield 

4, 

1 

O.15I; 

kb.  7 

60 

rs 

C- 

0.13 

36.5 

58 

3 

0.05 

19.8 

82 

0.1 

35-3 

73 

5 

0.089 

36.6 

85 

6 

0.085 

35- ^ 

86 

7 

0.132 

39.0 

61 

A crystalline  solid  was  obtained  that  was  identified  as  the  cyclic  trisiloxane. 
The  compound  was  identified  by  elemental  analysis  and  its  molecular  weight  de- 
termined by  vapor  osmometry  was  1030;  theoretical  for  trimer  is  103b-  The  com- 
pound melted  without  decomposition  at  207-9°0,  and  a sample  heated  at  215°  did 
not  change  in  molecular  weight.  Attempts  to  polymerize  this  thermally  stable 
solid  are  in  progress. 

The  accelerating  effect  of  water  on  the  dephenylatioa  is  rationalized  on 
the  basis  of  the  hydrolysis  of  the  initially  formed  phenyl  bromosilane.  The 
resulting  silanol  or  its  ether  is  dephenylated  mere  readily  than  the  bromosilane. 


(:6hV2SiV 


■^CgH-SiBrRo  » :£H5SiR2 
" Br2  OH 


■ BrSiPv-, 

I 2 

CH 


/S1s 

0 0 

R^i  iiP0 

2 N/ 


R= 


2 

Polymerization  Studies,  Published  siloxane  polymerization  studies  are 
concerned  mainly  with  the  dimethylsiloxane  system,  and  the  most  often  used  start- 
ing material  is  dimethyldiehlorosilane.  Generally,  silicones  are  produced  in  two 
steps.  Dimethyldiehlorosilane  is  hydrolyzed  to  cyclic  oligomers,  consisting  of  3 
to  5 units,  which  are  purified  by  distillation  and  then  polymerized  using  cata- 
lysts. With  some  catalysts,  however,  the  dimethyldiehlorosilane  can  he  polymerized 

directly.  Table  14  surveys  the  effect  of  various  conditions  on  this  hydrolytic 

2 

polymerization  reaction.  Methods  of  thi6  general  type  were  examined  for  the 
hydrolysis  of  ( 3- f luoro- 3 , 3-dini tropropyl ) methyldibromosilane,  although  the  steric 
and  electron- withdrawing  effects  of  the  nitro- containing  substituent  were  not  ex- 
pected to  facilitate  the  reaction. 

Experiments  dealing  with  the  polymerization  of  this  dibromide  and  related 
difluorides  are  summarized  in  Table  15.  The  experiments  were  conducted  on  1 g 
samples.  Agitation  was  provided  by  magnetic  stirring  or  mechanical  shaking. 
Molecular  weights  were  determined  by  vapor  phase  osmometry.  Acids,  bases  and 
heavy  metallic  oxides  were  used  as  catalysts.  In  the  initial  experiments,  the 
acid  catalyst  was  HBr,  produced  by  hydrolyses  of  the  dibromosilane  and  ether 
was  used  as  a solvent.  The  products  were  cyclic  oligomers  (runs  1-3)  with  an 
average  of  4 units.  Elemental  analysis  showed  that  the  materials  were  in  fact 
cyclic. 

In  that  this  oligomer  was  the  first  polysiloxane  prepared  containing 

fluorodinitroalkyl  group,  its  thermal  stability  was  of  particular  interest.  The 

12 

DTA  and  TGA  curves,  obtained  at  the  Naval  Weapons  Center  are  shown  in  Fig.  1. 

The  DTA  showed  exotherm  onset  at  215°  with  a peak  at  2kOl . This  high  thermal 
stability  of  the  oligomer  encouraged  farther  polymerization  studies  aimed  at 
higher  molecular  weight  linear  polysiloxanes  with  the  properties  of  rubbers. 
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Table  14.  Reported  Dimethvlsilicone  Preparations 


Method  # 

No.  Silane  Conditions  of  hydrolysis 


Result 


Water 


Salt  Hydrates 


Concentrate  HC1 


Cyclic  Polymers  and  polydimethyl- 
6iloxane-<jc,  v-diols 

Mainly  higher  polymers 

Mainly  lower  polymers 


50-85$  Sulfuric  acid  Mainly  higher  polymers 
Excess  of  alkali  " " " 


Water  and  ammonia, 

pH6. 5-8. 5 

Water  and  Water-miscihle 
solvents 


Tetramethyldisiloxane-1, 3-diol 


Mainly  cyclic  lower  polymers 


Water  and  diethylether 

Deficiency  of  water, 
dioxane  and  ether 


Linear  c*#v-dichloro6iloxanes 


Alcohol  and  carboxylic 
acid 


Mainly  higher  polymers 


Water,  free  of  acid  and 
base 


Dimethyls 1 lanediol 


Deficiency  of  water 


<*, 2-diethoxysiloxanes 


*"  v 
i f y 

:f  ' 
i 4 * 

p 

I 

h 

ft 


A = (CH3)2SiCl2  ; B = (CHj^SitOCHj^  ; C = (CH^gSiCOCHgCH^g 


rizations  of  FluorodinitropropyJmsthyldihalosilanes 


Run  Halo-  Solvents  and  Reagents  Catalyst  Temp  Time  Polymer 
No.  silane*  °C  hrs  MM  Units 


1 

A 

EtgO-ice 

HBr 

0 

0.5 

776 

3.7 

2 

ft 

II  It 

II 

It 

II 

834 

4.0 

3 

It 

" -HgO 

II 

20 

0.25 

850 

4.0 

4 

If 

Atmospheric  moisture 

II 

II 

18 

935 

4.5 

5 

m?  i 

•1 

HgO,  0.25  mol  CH3SiCl3 

",HC1 

II 

2 

1540 

- 

6 

II 

Skellysolve  F-HgO 

II 

II 

0.5 

888 

4.2 

7 

II 

GHgClg^HgO 

II 

II 

0.5 

552 

2.6 

8 

II 

Acetone-HgO 

II 

It 

II 

1024 

4.9 

9 

II 

Acetone- CHgClg, 0.5  eq  HgO 

It 

II 

2 

939 

4.5 

10 

16 

900 

1 11 

II 

" " , excess  HgO 

II 

IV 

72 

899 

4.3 

12 

If 

t -butanol 

fl 

70 

1.5 

856 

k.l 

13 

It 

CH^COOH-MeOH 

it 

20 

2.5 

848 

4.0 

I ! 

II 

II  II 

it 

II 

168 

806 

3.8 

15 

II 

NagSOjj.  *2.4^0 

ii 

•1 

120 

1005 

4.8 

16 

f J 

II 

Nel^SO^  * /HgO 

it 

It 

VI 

1102 

5.2 

. • 17 

It 

CuCl2*2H20 

ii 

II 

48 

984 

4.7 

J ’ id 

75*  h2so4 

HgSO^ 

II 

l 

1191 

5-7 

t ^ x9 

f S 

II 

II  II 

If 

II 

17 

1144 

>•»  I 

* , 20 

- «.  * 

It 

30*  so3-h2so^ 

II 

II 

72 

1195 

5.7 

If."  21 

II 

95*  EtOE 

Coned  HC1 

78 

8 

1104 

5.3 

mi  22 

If 

1 mol  MeOH 

FeCl3*6H20 

l8o 

2 

1176 

5.6 

r - 

K-  23 

•1 

II  II 

FeCl3 

100 

1 

1000 

4.8 

i 

:p 

r -'i 

23 

~ ' « jC17  £ET 

ZV  Jit 

— J 

Table  15  (cont'd. ) 


Run 

No. 

Halo- 

silane 

Solvents  and  Reagents 

Catalyst 

Temp 

oc 

Time 

hrs 

Polymer 
MW  Units 

47 

A 

Skellysolve  F,  AggO 

CuCL,,  CH^CN 

50 

12 

N.R. 

- 

48 

If 

" , CuO 

- 

ff 

22 

fl 

- 

49 

It 

" , ZnO 

- 

ft 

If 

ft 

- 

50 

B 

CHgd^CAO 

- 

20 

72 

938 

*•5 

51 

If 

" ,FbO 

m 

It 

216 

982 

4.7 

52 

•» 

M , CugO 

- 

fl 

II 

N.R. 

- 

53 

C 

" , QaO 

- 

•f 

120 

ft 

- 

* 


A - Br2CB3SiCH2CH2CF(N02)2 
B - F2CE3SiCH2CH2CF(U02)2 


C “ jj»°2)2CCH2CH2SiFCH3|  2° 


Run  4 (Table  15)  represents  an  attempt  to  hydrolyze  the  neat  dlbromide 
slowly  by  exposure  to  atmospheric  moisture.  The  product,  however,  was  similar 
to  that  obtained  with  ether.  The  use  of  a hydrocarbon  solvent  (run  6)  or 
methylene  chloride  (run  7)  also  failed  to  give  higher  polymer.  The  latter, 
however,  gave  the  trimer,  of  significance  in  later  polymerization  studies.  In 
runs  8-11,  acetone,  in  which  both  water  and  the  silane  are  soluble,  was  used  as 
the  solvent.  Variations  in  the  amount  of  water  used,  and  6tepwise  hydrolysis 
gave  no  significant  change.  Similar  results  were  obtained  with  t- butanol  or  a 
mixture  of  methanol  and  acetic  acid  (runs  12-14). 
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Salt  hydrates  have  been  reported  to  give  high  polymers  by  providing  a 
heterogeneous  reaction  surface.  The  use  of  hydrated  sodium  sulfate  on  cuprous 
chloride  in  this  work,  however,  gave  products  with  an  average  of  five  units  per 
molecule  (runs  15-1?) • 

The  use  of  75^  sulfuric  acid  as  the  reaction  medium,  reported  to  give 
high  polymers  with  dimethylsili cones,  was  also  investigated.  A 5.7  unit  poly- 
mer was  obtained  (run  18).  A similar  product  was  obtained  with  30$  fuming  sulfu- 
ric acid  (run  20)  and  with  concentrated  HC1  in  refluxing  ethanol  (run  21). 

11 

Papetti  and  others  have  used  ferric  chloride  and  its  hydrate  to  polymer- 
ize siloxy  carboranes  to  resins  and  elastomers.  Therefore  the  dibromosilane  was 
reacted  with  one  equivalent  of  methanol  to  form  the  methoxybromosllane.  After 
addition  of  the  ferric  chloride  catalysts,  polymers  of  U.8  to  5*6  units  was 
obtained  (runs  22-23).  Copolymerization  of  dibromosilane  and  phenyldimethyl- 
ethoxysilane  under  the  same  conditions  produced  a substance  with  a molecular 
weight  of  1713- 

The  hydrolysis  of  the  dibromide  was  also  carried  out  under  basic  condi- 
tions (runs  25-31)  *nd  oligomers  of  U-6  units  were  obtained.  Ammonium  hydroxide, 
sodium  bicarbonate,  potassium  carbonate  and  potassium  hydroxide  were  used  as 
reagents  and  ether,  dioxane,  water,  toluene  and  carbon  tetrachloride  as  solvents. 

Fluoro3ilanes  differ  in  reactivity  from  other  halosilanes  in  that  they  are 
not  hydrolyzed  readily  under  neutral  or  acidic  conditions,  but  are  reactive 
toward  base.  This  selectivity  offers  possibilities  for  the  preparation  of  poly- 
mers. The  hydrolysis  of  CH^S^CHgCI^CF^C^)?  with  sodium  hydroxide  in  the 
presence  of  methylene  chloride  gave  a U.3  unit  product  (run  32),  but  in  2C Yf> 
aqueous  ethanol,  a 6.1  unit  product  was  obtained  (run  33) • The  hydrolysis  of 
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the  difluorodisiloxane,  (iK^JpCFC^C^SiFCCH^JOSiFCCH^CS^i^C^IK^g*  was  exa- 
mined under  weakly  basic  conditions  in  the  hope  that  hydrolysis  would  take  place 
more  slowly  than  condensation  of  the  resulting  hydroxys llanes.  In  this  way  inter- 
molecular  condensation  would  be  favored  over  Intramolecular  condensation.  The 
products  (runs  37-4l)  generally  contained  4-5  monomer  units.  An  attempt  to 
hydrolyse  only  one  end  of  the  dimer  with  a small  amount  of  base  followed  by 
acid  condensation  (run  42)  was  also  unsuccessful.  The  pelymerization  of  un- 

/ V 12 

reactive  halosiloxanes,  such  as  (CF^CgH^JgSiClg,  with  metal  oxides  has  been  reported. 

Calcium,  magnesium,  zinc,  lead  and  copper  oxide  can  be  used  with  acetonitrile 

and  cupric  or  mercuric  chlorides  as  catalysts.  Application  of  this  method  to  the 

bromo  and  fluoro  silanes  gave  low  molecular  weight  products  (runs  43-46) . The 

13 

metallic  oxides  have  also  been  used  in  inert  solvents  , but  no  advantage  was 
obtained  with  the  nitro  compounds  (runs  47-53)* 

Studies  aimed  at  the  preparation  of  higher  polymers  from  (3-fluoro-3,3-di- 
nitropropyl) methyl  siloxane  oligomers  are  summarized  in  Table  16.  Silicone 
oligomers  used  commercially  for  polymerization  are  generally  purified  by  distilla- 
tion. This  example,  however,  was  not  sufficiently  volatile  for  distillation,  and 
the  properties  of  the  triraer,  tetramer,  and  pentamer  did  not  differ  sufficiently 
for  separation  by  column  chromatography  or  selective  solvent  precipitation.  Conse- 
quently, the  product  mixtures  obtained  by  hydrolysis  of  the  halides  were  used 
without  fractionation. 

Initially,  thermal  polymerization  without  the  use  of  catalysts  was  investi- 
gated (runs  1-2).  Hydrolysis  of  the  dibromide  was  carried  out  under  conditions 
that  yield  mainly  trimer.  Heating  the  product  for  24  hrs  at  150°  and  l80°  gave 
materials  with  3*7  and  6.8  monomer  units  per  mole  respectively.  In  runs  3-20, 
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Run 

Hydro- 

Start- 

Solvents and  Reagents 

Catalyst 

Temp 

Time 

Polymer 

lysis 

ing 

No. 

Condi- 

tions 

MW 

oc 

hrs 

MW 

Units 

1 

D 

- 

- 

- 

150 

24 

799 

3.7 

2 

It 

- 

■» 

- 

180 

24 

1418 

6.8 

3 

A 

1183 

Et  0 
2 

w 

20 

24 

1194 

5.7 

• 

4 

•1 

1194 

- 

ft 

it 

144 

1280 

6.1 

§• 

\ 

5 

It 

776 

- 

•t 

tl 

120 

1000 

4.8 

6 

tt 

834 

- 

It 

90 

16 

1104 

5.3 

K:  * 

7 

If 

776 

0.05  mol(CH3)6Si20 

It 

20 

120 

955 

4 

8 

» 

1000 

• 

20*  S03.H2S0u 

20 

216 

1180 

5.6 

9 

ft 

tt 

It 

100 

24 

1192 

5.7 

1 

10 

tt 

tt 

- 

30*  sc3-h2so^ 

20 

72 

840 

4.0 

r 

11 

B 

tt 

h2so^-h2o 

75*  HgSO^ 

20 

2 

1462 

7.0 

12 

II 

1100 

tl  ft 

90*  HgSO^ 

tt 

tt 

1243 

5.9 

1 

13 

It 

It 

tt  tl 

85*  h2so4 

tt 

It 

1167 

5.6 

P ■ 

14 

tl 

tt 

tl  It 

Go*  h2so4 

It 

It 

1173 

5.6 

p-V 

15 

ft 

tt 

If  ft 

70*  HgSO^ 

tt 

tt 

1233 

5-9 

16 

tl 

tl 

tt  tt 

65* 

It 

It 

1099 

5*2 

> 

17 

tt 

tt 

tt  tl 

60*  h2so^ 

tt 

ft 

1000 

4.8 

4 

18 

It 

tt 

ft  It 

55*  H2so4 

It 

It 

1201 

5-7 

J i 

19 

tt 

tt 

tt  tl 

50*  HgSOj^ 

tt 

ft 

1123 

5.3 

V ! 

* -1 

20 

It 

tt 

tl  tt 

45*  E2S0j. 

it 

tt 

1144 

5.4 

|v 

21 

A 

834 

- 

CF3S03H 

80 

8.5 

1208 

5.8 

4jL  <* 

22 

If 

1000 

- 

BFj'EtgO 

20 

22 

1116 

5-3 

1 

f 

28 

n 

$ ..* 

. - 

M 

t;  •*■•* 

. 

*;»$ 

« 

fik 

Table  16  (cont'd.) 


Run 

Hydro- 

Start- 

Solvents and  Reagents  Catalyst 

Temp 

Time 

Polymer 

lysis 

Condi- 

ing 

No. 

tions 

MM 

°C 

hr  s 

MM 

Units 

23 

A 

1000 

HgSO^-EgO  48$  HF 

20 

24 

9H 

4.3 

24 

II 

It 

SnCl^ 

tl 

552 

938 

4.5 

25 

II 

II 

aici3 

11 

•1 

889 

4.2 

26 

II 

II 

48$  HI 

It 

It 

908 

4.3 

27 

It 

It 

p2°5 

II 

II 

963 

4.6 

28 

II 

84o 

• FeCio  C/'H—  CH0, 

cf3c8oh6  5 3 

II 

120 

988 

4.7 

29 

It 

834 

NaOH 

90 

12 

1081 

5.1 

30 

II 

1000 

II 

150 

0.5 

1219 

5.8 

31 

II 

1462 

Et^N 

85 

48 

1372 

6.5 

32 

If 

850 

NaOH 

150 

0.25 

976 

4.6 

33 

II 

II 

II 

II 

0.5 

973 

4.6 

34 

II 

11 

II 

If 

0.75 

980 

4.7 

35 

It 

it 

H 

II 

1 

1051 

5-0 

36 

II 

11 

II 

It 

3 

1026 

4.9 

37 

II 

If 

II 

It 

5 

1118 

5.3 

38 

It 

II 

»• 

It 

7 

1095 

5.2 

39 

II 

•1 

II 

II 

24 

1069 

5.1 

4o 

C 

- 

NaOH 

150 

0.5 

1698 

8.1 

4l 

II 

- 

II 

II 

tl 

1452 

6.9 

42 

It 

•» 

It 

II 

1 

1414 

6.7 

43 

II 

- 

It 

II 

4 

2000 

9.5 

Table  l6  (cont'd. ) 


Run 

No. 

Hydro- 

lysis 

Condi- 

tions 

• Start- 
ing 

MW 

Solvents  and  Reagents 

Catalyst 

Temp 

°C 

Time 

hrs 

Polymer 
MW  Units 

44 

C 

850 

h2so^-h2o 

NaOH 

150 

24 

2222 

10.6 

^5 

tt 

- 

- 

II 

ft 

72 

2019 

9.6 

46 

It 

- 

- 

II 

fl 

96 

2040 

9.6 

47 

ft 

- 

- 

KOH 

II 

0.5 

1118 

5-3 

48 

ft 

- 

- 

tt 

II 

4 

1350 

6.4 

49 

ft 

• 

- 

If 

ff 

24 

1100 

5.2 

50 

If 

- 

- 

(CH3)3SiONa 

II 

0.5 

1792 

8.5 

51 

ft 

- 

- 

It 

II 

4 

1627 

7-7 

52 

ft 

- 

■ - 

fl 

tt 

24 

1483 

7-1 

53 

If 

- 

(CH3)uNOSi(CH3)3  " 

0.5 

1016 

4.8 

54 

II 

- 

- 

tt 

If 

4 

1019 

4.9 

55 

ft 

- 

- 

II 

ft 

24 

1396 

6.6 

56 

»» 

- 

- 

NaR 

tl 

4.5 

1229 

5.9 

57 

It 

- 

- 

II 

II 

7 

1442 

6.9 

58 

It 

- 

- 

II 

tt 

23 

1740 

8.3 

59 

It 

- 

- 

If 

ft 

48 

1778 

8.5 

6o 

ft 

- 

- 

tt 

tl 

120 

1743 

8.33 

6l 

It 

- 

- 

It 

ff 

1 

1438 

6.8 

62 

rt 

- 

- 

ft 

II 

72 

2347 

11.2 

63 

tt 

- 

- 

If 

tl 

96 

2322 

11.2 

64 

it 

2322  added  additional  catalyst 

II 

ft 

24 

1258 

6.0 

65 

it 

- (1)  0at/l50o  (2)  Et_0  -wash 

II 

- 

120 

3111 

14.8 

30 


Table  16  (coat'd.) 


Run 

No. 

Hydro 

lysis 

Condi 

ticns 

- Start- 
ing 

MW 

. Solvents  and  Reagents 

Catalyst 

Temp 

°C 

Time 

hrs 

Polymer 
MW  Units 

66 

E 

- 

- 

NaH 

150 

24 

959 

4.6 

67 

F 

- 

- 

It 

II 

M 

924 

4.4 

66 

G 

- 

- 

II 

II 

It 

993 

4.7 

69 

H 

- 

- 

It 

It 

If 

1526 

7.3 

70 

I 

- 

- 

I? 

It 

II 

1208 

5.8 

71 

J 

- 

- 

II 

ft 

II 

1625 

7.7 

72 

ft 

1625 

EtgO  wash 

- 

20 

96 

2037 

9.7 

73 

D 

- 

- 

NaH 

150 

24 

1780 

8.5 

74 

II 

- 

■ - 

w 

It 

42 

1313 

6.3 

75 

ft 

1313 

added  additional  catalyst 

II 

ft 

72 

1072 

5.1 

76 

ft 

1313 

EtgO  wash 

- 

20 

96 

3000 

14.3 

77 

II 

l4l8 

- 

NaH 

180 

96 

1409 

6.7 

78 

tl 

552 

- 

it 

150 

4o 

2269 

10.8 

79 

tl 

2269 

EtgO  wash 

- 

20 

96 

3105 

14.8 

8o 

II 

- 

- 

NaH 

150 

108 

2197 

10.5 

81 

II 

2197 

EtgO  extraction 

4o 

16 

2507 

11.9 

82 

II 

- 

- 

(n-buJ^N 

150 

24 

919 

4.4 

83 

II 

- 

- 

Quinoline 

it 

II 

1210 

5.8 

84 

ft 

- 

- 

Biguanide 

100 

II 

874 

4.2 

85 

II 

- 

- 

Pyridine 

II 

tl 

885 

4.2 

86 

II 

- 

- 

NaH 

150 

72 

2231 

10.6 

87 

D 

- 

1.0  mole  (C^H^)2Si(0~)2 

II 

II 

II 

2322 

- 

31 


I....."  1 1 ■ ■ | 


Table  16  (cont'd. ) 


Run 

So. 

Hydro-  Start - 
lysis  ing 
Condi- 
tions MW 

Solvents  and  Reagents 

Catalyst 

Temp 

°c 

Time 

hrs 

Polymer 
MW  Units 

68 

D 

2197 

0.1  mole  (C6H5)2Si(0-)2 

NaH 

150 

24 

1171 

- 

89 

•1 

- 

0.5  mol  C6H5(CH3)2SiO- 

II 

If 

96 

1299 

- 

90 

M 

- 

1.0  mol  C6H5Si(0-)3 

H 

If 

72 

4074 

- 

91 

Tf 

- 

0.1  mol  C6H5Si(0-)3 

II 

If 

2 

ll60 

- 

92 

*1 

- 

II  «• 

H 

If 

27 

1507 

- 

93 

II 

1507 

EtgO  wash 

- 

20 

16 

1635 

- 

94 

•1 

- 

0.2  mol  C^H5Si(0-)3 

NaH 

150 

24 

1722 

- 

95 

A 

911 

- 

(C6H5COO), 

2 100 

30 

1710 

8.1 

96 

It 

1710 

EtgO  wash 

- 

20 

96 

2600 

12.4 

97 

D 

1684 

- 

(c6h5ooo). 

2 100 

48 

l64l 

7.8 

98 

It 

l&a 

Et^O  wash 

- 

20 

24 

2800 

13.3 

99 

A 

911 

- 

(c^h9oo)2 

150 

30 

947 

^.5 

1.  This  column  refers  to  the  reagents  used  to  produce  the  starting  polyslloxane 
from  the  aibrcmosiiane. 

A.  Ethyl  ether- water 

B. i)  Ethyl  ether-water  ii)  dissolved  in  cone,  sulfuric  acid 

C.  Water 

D.  Methylene  chloride-water 

E.  Cone,  sulfuric  acid 

F.  75#  Sulfuric  acid 

G.  50$  Aqueous  ethanol 

H.  Acetone-water 

I.  Carbon  tetrachloride-potassium  carbonate -water 

J.  Skellysolve  F- water 

K.  Methylene  chloride-  IN  NaOH 
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catalysis  by  sulfuric  acid  was  studied.  In  run  3,  the  polymer  was  treated  with 
6ulfuric  acid  in  ether  solution,  and  the  molecular  weight  was  essentially  un- 
changed. Subsequently  no  solvent  was  used  (runs  4-6),  and  variations  in  time 
(l6  to  144  hrs)  and  temperature  (20°  to  90°)  resulted  in  only  small  increases 
in  molecular  weight.  The  addition  of  hexamethyldisiloxane  (run  7)  did  not  affect 
the  reaction,  and  the  use  of  fuming  sulfuric  did  not  give  significant  increases 
in  molecular  weight  (runs  8-10).  In  runs  11-20,  the  oligomer  was  dissolved  in 
concentrated  sulfuric  acid,  and  sufficient  water  was  then  added  to  give  the  acid 
concentrations  shown.  Significant  Increases  were  not  obtained.  Other  proton 
and  Lewis  acids  were  also  tried  without  success  (runs  21-28). 

Base  catalysis  of  the  polymerization  of  the  cyclic  oligomers  was  also 
studied.  Initially,  the  oligomer  was  obtained  by  the  hydrolysis  of  the  dibromide 
in  the  presence  of  ether,  conditions  that  generally  give  product  averaging  four 
units  per  mole.  Only  small  molecular  weight  increases  were  observed  on  heating 
this  material  with  sodium  hydroxide  or  triethylamine  (runs  29-39) • Subsequently, 
it  was  found  that  the  method  of  hydrolysis  of  the  dibromide  influences  greatly 
the  ease  of  the  base-catalyzed  polymerization.  Higher  polymers  were'  obtained  when 
the  initial  dibroraide  hydrolysis  was  carried  out  in  the  absence  of  organic  solvents 
or  in  the  presence  of  methylene  chloride,  shown  previously  to  give  mainly  triaer. 
Heating  this  material  with  powdered  sodium  hydroxide  at  150°  was  found  to  give  a mole- 
cular weight  maximum  in  24  hrs  of  10.6  monomer  units  (run  44).  Potassium  hydrox- 
ide (run3  47-49),  sodium  triraethylsilanate  (runs  50-52),  and  tetramethylamraonium 
tri methyl silanate  (runs  53-55)  also  catalyzed  the  reaction  but  not  as  effectively 
as  sodium  hydroxide.  Sodium  hydride  (runs  56-63)  was  found  to  be  as  effective 
as  sodium  hydroxide  and  is  preferred  because  of  the  ease  with  which  small 
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quantities  can  be  manipulated.  Hydrocarbon  solvent  (runs  71-73)  for  the 

bromide  hydrolysis  save  results  similar  to  methylene  chloride,  but  sulfuric 

acid,  aqueous  ethanol,  acetone  and  carbon  tetrachloride  (runs  66-70)  were  not 

as  satisfactory.  Organic  bases  (run6  82-85)  did  not  function  successfully  as 

catalysts  vith  oligomers  that  were  polymerized  with  NaOH  or  NaH. 

Higher  molecular  weight  polymer  fractions  were  found  to  be  insoluble  in 

ether,  and  extraction  of  materials  with  molecular  weights  of  1600  to  2000  in 

this  way  gave  products  with  molecular  weights  to  over  3 >000  (runs  65,  72,  76, 

79,  8l,  96,  and  152).  Heating  polymer  samples  with  additional  catalyst  resulted 

in  a decrease  in  molecular  weight  (runs  6k,  75). 

The  results  of  the  base- catalyzed  polymerization  studies  are  consistent 

with  the  function  of  the  cyclic  trimer  as  the  active  component  of  the  oligomer 

mixtures.  A similar  effect  has  been  reported  for  the  polymerization  of  tri- 

lUf 

fluoropropylaethylsiloxanes 

The  copolymerization  of  FC^IOg^O^GH^iBrC^  with  (CgH^JgSiClg  and  with 
C^H^SiCl^  was  studied  briefly  (runs  Q‘J-9k).  An  equimolar  amount  of  the  latter 
gave  a product  with  a molecular  weight  of  407^. 

A method  by  which  commercial  silicones  are  crcsslinked  is  hydrogen  abstrac- 
tion by  free  radical  initiators.  This  method  was  explored  with  the  nitro-contain- 
ing  materials  (runs  95-99)  using  benzoyl  peroxide,  and  in  one  case  (run  95)  a 
doubling  of  molecular  weight  was  observed.  This  method  may  be  useful  with  high 
molecular  weight  linear  polysiloxanes. 

Phosphazenes.  High  molecular  weight  linear  poly(dialkoxyphosphazenes), 

R 

(P=N)  are  noted  for  their  excellent  thermal  stability  and  low  glass  transition 
R a> 
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temperatures.  Examples  with  fluorinated  substituents  have  been  reported 

with  glass  transition  temperatures  as  low  as  -68°.  Similar  polymers  with 

nitro  substituents  would  be  expected  to  provide  useful  explosives.  Attempts 

were  therefore  made  to  prepare  poly |bis(fluorodinitroethoxy)phosphazeneJ. 

The  method  generally  used  to  synthesize  materials  of  this  type  is  to 
heat  a suspension  of  the  alkoxide  salt  with  a solution  of  poly(dichlorophos- 
phazene)  in  an  inert  solvent  such  as  benzene.  This  method  cannot  be  U6ed  with 
fluorodinitroethanol  because  the  alkoxide  is  unstable.  Pyridine  has  been  used 
as  the  solvent  and  acid  acceptor  to  promote  the  reaction  of  fluorodinitro- 
ethanol with  dichlorophosphazene  cyclic  trimer  and  tetramer  on  another  program^ 
at  Fluorochem.  The  same  conditions  were  therefore  examined  using  linear  poly- 
( dichlorophosphazene ) . 

The  linear  poly(dichlorophosphazene)  was  prepared  by  a published  proce- 

18 

dure  , consisting  of  heating  the  cyclic  trimer  at  25 0°  until  the  material  was 
viscous  at  this  temperature.  The  polymer  was  separated  from  unreacted  trimer 
by  precipitation  from  benzene  and  hexane.  The  reaction  of  the  polymer  with 
an  excess  of  fluorodinitroethanol  was  carried  out  in  pyridine  solution,  with  a 
reaction  period  of  2-5  days  at  0-25°.  Dark  solid  polymeric  products  were  ob- 
tained by  washing  the  reaction  mixtures  with  water  and  with  hydrochloric  acid. 
Quantitative  NMR  analyses  of  the  products  showed  as  high  as  12$  by  weight  of 
fluorodinitroethoxy  groups,  but  all  samples  showed  substantial  amounts  of  pyri- 
dine groups.  The  pyridine  groups  were  bound  to  the  polymer  backbone  and  could 
not  be  removed  by  acid  washing. 


III.  EXPERIMENTAL 

Allyloxytririoth"lsf  lane.  Over  a 1. 5 2ir  period,  ammonia  vas  passed  through 
a rapidly  stirred  solution  (ice  "bath  coolin’)  of  ^h8  g (6. CO  mol)  of  allyl  alcohol 
and  3 liters  of  methylene  chloride  while  652  3 (6.00  mol)  of  chlorotrimethylsilane 
was  introduced  below  the  surface  of  the  liquid.  The  mixture  was  filtered  and  the 
cake  of  ammonium  chloride  was  dissolved  in  1 liter  of  water.  Tne  methylene  chlo- 
ride layer  C*v*750  nil)  that  separated  was  dried  with  magnesium  sulfate  and  was 
added  to  the  filtrate.  The  methylene  chloride  solution  was  distilled  to  give 
546  g (70$)  of  allyloxytrimetbylsilane : ^ bp  96-IOI0;  0*793;  NMR  (neat) 

£5.9  (a,  1 H,  -CH-),  5*2  (m,  2 H,  -CH  ),  4.0  (a,  2 H,  CE£0),  0.0  (s,  9 H,  (CH^Si). 

(3-Hydroxypropyl)methylditihenylsilana.  Allyloxytrimethylsilane  (ll62  g,  8.94 
mol)  was  added  dropwise  to  a solution  of  1539  g (7-77  mol)  of  methyldiphenylsilane 
and  80  mg  of  chlorotris(triphenylphosphine)rhodium  at  130°  over  a 3 hr  period.  The 
reaction  solution  was  added  dropwise  with  stirring,  over  a 1. 5 hr  period,  to  a 
solution  of  3 liters  of  methanol  and  800  ml  of  1 N hydrochloric  acid.  The  mixture 
was  stirred  overnight,  and  an  equal  volume  of  water  vas  added.  The  aqueous  solu- 
tion was  extracted  with  3 liters  of  methylene  chloride.  The  combined  methylene 
chloride  solution  was  washed  with  water  and  with  saturated  salt  solution  and  vas 
dried  with  sodium  sulfate.  The  solvent  was  removed  by  distillation  to  give  1950  S 
(98$)  of  crude  (3-hydrcxypropyi)methyldiphenylsilane;  physical  data  vas  reported 
previous lyf 

(3-p-Toluenesulfcnatopropyl Methyldiphenylsilane.  Toluenesulfonyl  chloride 
(1597  3>  8.38  mol)  and  then  766  ml  (9*53  mol)  of  pyridine  were  added  to  a solution 
of  1950  3 (7  .62  mol)  of  crude  (3-hydroxypropyl) methyldiphenylsilane  in  1950  ml  of 
methylene  chloride  at  4°C.  The  mixture  was  stirred  overnight  and  vas  poured  into 
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water.  Tee  methylene  chloride  layer  was  separated  and  the  aqueous  layer  was 
extracted  once  with  methylene  chloride.  Trie  combined  methylene  chloride  solu- 
ti07i  was  washed  with  water,  with  1 N hydrochloric  acid  and  with  saturated  salt 
solution  and  was  then  dried  with  sodium  sulfate.  Most  of  the  solvent  was  removed  . 
ty  distillation.  The  product  was  cyrstalli zed  from  1200  ml  of  ethyl  ether  and 
1200  ml  of  Skellysolve  F to  give  1925  g (62$)  of  (3-P-toluenesulfonatopropyl)- 
methyldiphenylsilane;  physical  was  was  reported  previously.1 

( 3-Nitropropyl )methyldiphenylsilane.  A solution  of  206  g (2.00  mol)  of 
sodium  bromide  and  4i0  g (1.00  mol)  of  (3-£-toluenesulfonatopropyl)methyldiphenyl- 
silane  in  1.5  liters  of  dimethyl  s'olfoxide  was  stirred  at  ambient  temperature 
overnight.  Sodium  nitrite  (276  g,  4.00  mol)  was  added  and  the  reaction  tempera- 
ture was  kept  below  35°  "by  means  of  a cooling  bath.  After  95  min  the  product 
was  isolated  to  give  171  g of  material  containing  131  g (46$)  of  ( 3- nitropropyl) methyl 
diphenyls! lane;  physical  data  was  reported  previously.1 

(3- 3-Dinitropropyl ) nethyldiphenyls ilar.e . A solution  of  95  Z (0-333  mol) 
of  (3-nitropropyl)methyldiphenylsilane  in  600  :al  of  methanol  was  added  to  a solu- 
tion of  14.7  g (O.367  mol)  of  sodium  hydroxide  in  80  ml  of  distilled  water  at  0°C. 

After  15  min  the  cold  solution  was  mixed  with  23-0  g (0.333  mol)  of  sodium  nitrite 
in  80  ml  distilled  water.  The  solution  was  quickly  poured  into  a cold  (0°C) 
rapidly  stirred  mixture  of  113  Z (0.667  mol)  of  silver  nitrate  in  800  ml  of 
distilled  water  and  600  ml  of  ethyl  ether.  The  mixture  was  stirred  for  1 hr 
at  C°  and  1 hr  at  room  temperature.  The  mixture  was  allowed  to  settle  for  5 min. 

Then  the  solution  was  filtered  and  the  silver  was  washed  with  ether.  The  layers 
were  separated  and  the  aqueous  solution  was  extracted  twice  with  ether.  The 
combined  ether  solutions  were  washed  three  times  with  saturated  sodium  chloride 
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solution  and  were  evaporated  to  yield  154  g of  material  containing  104  g 
(68.5^)  of  (3, 3-dinitropropyl)methyldiphenylsilane:  physical  data  was  re- 

ported previously.* 

( 3-Fluoro- 3» 3-dlnitropropyl)methylslloxane . A solution  of  11. 5 g 
(O.O325  mol)  of  (3-fluoro-3>3-dinitropropyl)iaethyidibromosilane  in  60  ml  of 
methylene  chloride  was  added  dropvlse  with  stirring  to  60  ml  of  water.  After 
30  min,  the  layers  were  separated  and  the  aqueous  solution  was  extracted  with 
methylene  chloride.  The  combined  organic  fraction  was  washed  with  water  and 
with  saturated  salt  solution  and  was  dried  over  sodium  sulfate.  After  the 
solvent  was  evaporated,  the  residue  was  heated  to  150°C  and  10  mg  of  sodium 
hydride  was  added  remotely.  The  mixture  was  heated  42  hrs  at  150°.  The  pro- 
ducts showed  a molecular  weight  of  1313  by  vapor  phase  osmometry  in  1,3-di- 
chloroethane.  Twice,  the  oil  was  shaken  for  24  hr  periods  with  50  ml  of  ethyl 
ether  and  the  ether  was  discarded.  After  the  sample  was  dried  at  130°  for  4 

pj. 

days,  a molecular  weight  of  3000  was  found.  The  material,  1.38,  was  solu- 

ble in  methylene  chloride,  1,2-dichloroethane,  and  acetone,  slightly  soluble  in 
chloroform,  and  insoluble  in  ether,  benzene,  hexane,  water  cyclohexane  and 
carbon  tetrachloride. 

(3-Fluoro-3»3-dlnitropropyl)aethyldifluorosllane.  Poly(3-fluoro-3,3- 
dinitropropyl)methylsiloxane  (13. 5 g,  64.3  mmol  of  monomer)  was  dissolved  in 
50  ml  of  ethanol,  25  ml  of  hydrogen  fluoride  and  15  ml  of  water.  The  mix- 
ture was  agitated  for  24  hrs  and  was  then  diluted  with  water.  The  product  was 
extracted  with  methylene  chloride,  and  the  methylene  chloride  solution  was 
waehed  with  water  and  with  saturated  salt  solution,  and  was  dried  over  6odlum 
sulfate.  The  solvent  was  evaporated  and  the  residue  was  distilled  to  give  12  g 
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(80%)  of  (3-fluoro-3>3-dinitropropyl)methyldifluoro8ilane:  bp  67°  (3  nm) 1 

NMR  (CDClja'Q.k  (t,  J=6  Hz,  3 H,  CB^Sl),  0.9  (a,  2 H,  O^Si)  and  2.9  (m,  2 H, 
CH2CF(N02)2;  fluorine  NMR  (CDClj)  j)  104.5  (t,  J=l6  Hz,  1 F,  F(N02)2C  and  132.3 
(sextet,  J=6  Hz,  2 F,  SiF2);  IR  (film)  1600,  1435,  1370,  1325,  1275,  1220,  1190, 
1065,  1025,  930,  910,  870,  860,  830,  and  805  cm-1. 

Anal.  Calcd  for  QjHyF^^O^Si : C,  20.69;  H,  3*02;  H,  12.07.  Found;  C, 
20.67;  H,  2.88;  N,  12.52. 

A mixture  of  33  g (0.0932  mol)  of  (3-fluoro-3, 3-dinitropropyl)methyldi- 
bromosilane  and  15 >7  g (0.373  mol)  of  sodium  fluoride  v&s  dissolved  in  100  ml  of 
ethanol,  25  ml  of  48%  hydrogen  fluoride  and  15  ml  of  water  with  agitation. 

After  3 days,  the  mixture  was  poured  into  water  and  was  extracted  twice  with 
methylene  chloride.  The  organic  solution  was  washed  with  water  and  with  satu- 
rated salt  solution  and  was  dried  over  sodium  sulfate.  The  solvent  was  evapo- 
rated and  the  residue  was  distilled  to  give  17.8  g (82%)  of  (3-fluoro-3, 3-di- 
nitropropyl ) methyldif luoros i lane . 

Bromine  (113  ml,  2.07  mol)  was  added  to  180  g of  (3-fluoro-3, 3-dinitro- 
propyl)methyldiphenylsllane  (ice  bath  cooling)  and  the  solution  was  heated  at 
70°  at  18  mm  to  remove  bromine  and  phenyl  bromide.  The  distillation  was  conti- 
nued to  give  impure  (3-fluoro-3»3-dinitropropyl)methyldibromosilane.  The 
distillate  was  dissolved  in  150  ml  of  methylene  chloride  and  was  poured  over 
4 00  ml  of  ice  and  water.  After  30  min,  the  layers  were  separated  and  the 
aqueous  layer  was  extracted  with  methylene  chloride.  The  combined  organic 
solution  was  washed  with  water  and  with  saturated  salt  solution,  and  was  evapo- 
rated. The  residue  was  heated  to  l80°/0.2  mm  to  remove  dibroraobenzene  isomers. 
The  material  was  agitated  with  200  ml  of  ethanol  and  50  ml  of  48%  hydrogen 
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fluoride  for  4 days.  The  solution  vas  poured  into  water  and  vas  extracted 
with  methylene  chloride.  The  solution  vas  washed  with  water  and  with  satu- 
rated salt  solution,  and  was  dried  with  sodium  sulfate.  After  the  solvent 
vas  evaporated,  the  residue  vas  distilled  to  give  80.8  g (67$)  of  (3-fluoro-3, 3- 
dinitropropyl)methyldifluorosilane  (bp  75°>  7 am)  and  6.4  g (6$)  of  1,3-bis- 
(3-fluoro-3,3-dinitropropyl)-l, 3-dinethyl-l, 3-difluorodisiloxane  (bp  156°/0.2  mm). 

(3-Fluoro-3>  3-dlnitropropyl)oethylmethoxyfluorosilane.  A solution  of 
$.4  g (0.1  mol)  of  sodium  methoxide  in  30  ml  of  dry  methanol  was  added  dropwise 
to  23*2  g (0.1  mol)  of  (3-fluoro-3,3-dinitropropyl)methyldifluorosilane  with 
ice  bath  cooling.  After  0. 5 hr,  the  methanol  vas  evaporated  and  the  residue 
vas  distilled  at  79-85°  (3  am)  to  give  a mixture  of  starting  material  (20$), 
dimer  and  product  (6Zff>).  The  yield  of  (3-fluoro-3,3-dinitropropyl)methyl- 

methoxyfluorosilane  vas  13.9  g ( 57%)  by  NMR.  A sample  was  purified  by  gas 
chromatography:  NMRCCDCl^) ^0.3  (d,  J=6  Hz,  3 H,  CH^Si),  0.8  (m,  2 H,  CHgSi), 

2.8  (m,  2 H,  CH2C(N02)2F)  and  3*5  (s,  3 B,  CHjOSi);  fluorine  NMR(CDC13)  () 

104.7  (t,  J«l6  Hz,  1 F,  CF(H02)2  and  138.1  (sextet,  J=6  Hz,  1 F,  FSi);  IR 
(film)  1600,  1440,  1375,  1330,  1275,  1215,  1195,  1100,  1065,  1030,  915,  880, 

855,  835,  and  810  cm-1. 

1, 3-Bls(3-fluoro-3t  3-dinitropropyl)-l, 3-dimethyl-l, 3-difluorodislloxane. 

A solution  of  1.25  g (5.12  mmol)  of  impure  (3-fluoro-3, 3-<linitropropyl)methyl- 
methoxyfluorosllane  in  25  ml  of  methanol,  5 al  of  water  and  1 ml  of  concentrated 
sulfuric  acid  was  stirred  for  20  hrs.  The  solution  was  poured  into  water  and 
extracted  with  methylene  chloride.  The  solution  was  washed  with  water  and  with 
saturated  salt  solution,  and  was  dried  with  sodium  sulfate.  The  solvent  was 
evaporated  and  the  residue  was  distilled  to  give  0.7  g (62^)  of  l,3-bis-(3- 
fluoro-3,3-<iinitropropyl)-l, 3-dimethyl- 1,3-difluorodisiloxane:  bp  158°. (0.200  ram); 
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NMR  (neat)  $0.$  (d,  J=6  Hz,  6 H,  C^Si),  0.9  (m,  4 H,  CHgSi)  and  2.9  (m,  4 H, 
CRjCF)  ; fluorine  HMR  (neat)  <(  105-5  (t,  J=20  Hz,  2 F,  FC(K02))  and  132.0 
(sextet,  J-6  Hz,  2 F,  FSi);  IR  (film)  1590,  1435,  1365,  1320,  1235,  1100, 

1025,  970,  910,  875,  855,  820,  800,  880  cm’1. 

Anal.  Clalcd  for  CgH^F^W^Si,, : C,  21. 72;  H,  3-17;  N,  12.67.  Found:  C, 
21.88;  H,  3.05;  N,  13.50. 

A solution  of  6.6  g (0.123  mol)  of  sodium  aethoxide  in  42  ml  of  dry 
methanol  was  added  dropwise  to  40-5  g (O.175  mol)  of  (3-fluoro-3,3-dinitro- 
propyl)metkyldifluorosilane  at  0°.  After  0.5  hr,  the  methanol  was  evaporated 
and  the  residue  was  distilled  (7  mm/80°C)  to  dryness  to  give  a mixture  contain- 
ing starting  material  (26%)  dimer  (11$)  and  product  (63$).  The  mixture  was 
redistilled  through  a 4 inch  vigroux  column  and  the  fractions  boiling  from  71- 
79°/3  mm  were  collected.  The  end  fraction  shoved  only  13$  of  the  dimer.  The 
distillate  was  dissolved  in  250  ml  of  methanol,  50  ml  of  water  and  10  ml  of 
concentrated  sulfuric  acid  and  was  stirred  for  2 hrs.  The  mixture  was  poured 
into  wster  and  extracted  with  methylene  chloride.  The  solution  was  washed  with 
water  and  with  saturated  salt  solution  and  was  dried  vlth  sodium  sulfate.  The 
solvent  was  evaporated  and  the  residue  was  distilled  to  give  7*7  g (20$)  of 
starting  material  and  10. 7 g (29$)  of  1, 3-bls- ( 3r f luoro- 3, 3-dinitropropyl ) - 
1, 3-dlmethyl-l, 3-dlfluorodisiloxane. 

Bis- ( 3-hydroxypropyl )diphecylsllane . A mixture  of  1500  g (7.33  mol)  of 
90$  diphenylsilane,  0.1  g of  chlorotris(triphenylphosphine)rhocium  (I)  and 
200  g of  allyloxytrimethylsilane  was  heated  to  10C°.  Heating  va6  stopped  and 
the  pot  temperature  rose  to  120°.  Additional  allyoxytrimethylsilane,  a total  of 
2800  g (21.6  mol),  was  added  at  a rate  sufficient  to  maintain  reflux.  This 
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solution  was  added  to  a solution  of  15  ml  of  concentrated  H&  and  600  ml  of 
water  in  3 liters  of  methanol.  After  24  hrs  the  product  was  extracted  with 
methylene  chloride.  Crystallization  from  methylene  chloride  and  Skelly  F 
yielded  1500  g {6Qj>  yield)  of  bis-(3-hydroxypropyl)diphenyisilane. 

Bis- ( 3-hromopropyl )diphenylsliane.  Bis- (3-hydroxypropyl)diphenylsilane, 
1490  g (4.96  mol)  was  added  to  a solution  of  1043  g (3* 86  mol)  of  phosphorous 
trlbromide  in  3 1 of  ether,  which  was  maintained  at  room  temperature  by  a water 
bath.  The  mixture  was  stirred  for  72  hrs,  and  then  was  added  to  ice.  The  pro- 
duct was  extracted  with  water,  dried,  stripped  of  solvent  and  extracted  into 
Skelly  F,  giving  1683  g of  semi crystalline,  90 £ pure,  bls-(3-bromopropyl(di- 
phenylsll&ne.  Recrystallization  from  ethanol  gave  1400  g,  (6?£),  of  pure  bro- 
mide, mp  48-9°. 

Anal.  Calcd  for  C^I^gB^Si:  C,  50.72;  H,  5.20.  Found:  C,  50.74;  H,  5. 17 . 

Bis- (3. 3-dlnitropropyl)diphenylsilane.  Bis- (3-nitropropyl)dlphenylsilane 
(73  g,  0.204  mol),  was  added  to  33  g (0.5  mol)  of  potassium  hydroxide  in  50  ml 
of  water  and  250  ml  of  methanol.  When  solution  was  complete,  200  ml  water  and 
34.5  g (0.5  mol)  of  sodium  nitrite  were  added.  This  solution  was  quickly  added 
to  an  ice  bath  cooled  mixture  of  170  g silver  nitrate  (l  mol)  in  300  ml  water 
and  500  ml  of  ether.  After  the  mixture  was  stirred  at  room  temperature  for 
2 hrs,  200  ml  saturated  sodium  chloride  solution  was  added.  The  silver  preci- 
pitate was  filtered,  and  the  solution  made  slightly  acidic  with  acetic  acid. 

The  ether  layer  was  separated,  washed,  dried  and  stripped.  The  product  was 
crystallized  from  ethylene  chloride  and  Skelly  F,  giving  34.5  g (3 &f>  yield)  of 
bis- (3, 3-dinitropropyl)diphenylsilane,  mp  96-7°;  NMR  (CDCl^), $ 7*40  (e,  10  H, 
C6H5),  6.01  (t,  J*7  Hz,  2 H,  CH-(N02)2),  2.4  (m,  4 H,  OTg-CI^Si)  and  1.2  (m, 

42 


5 


4 H,  CHgSl),  IR(CHC13)  1570,  1330  and  1120  cm'1. 

Anal.  Calcd  for  C^g^oN^OgSi : C,  46.21;  H,  4.50;  K,  12.49.  Found:  C, 

48.3 2 H,  4.59  If,  12.29. 

Bis- (3-fluoro-3» 3-dlnltropropyl)diphenylsllane.  Perchloryl  fluoride  was 
bubbled  Into  a vigorously  stirred  solution  of  40  g of  bis- (3, 3-dinitropropyl)- 
dlphenylsllane  (0.009  mol)  and  13*2  g of  potassium  hydroxide  (0.2  mol)  in  150  ml 
water,  200  ml  methanol  and  200  ml  of  dimethyl  formamlde  at  room  temperature. 

When  gas  uptake  stopped,  water  was  slowly  added  and  the  product  precipitated  out. 
Filtration  yielded  42  g of  a light  tan  solid.  Recrystallization  gave  36.6  g, 

(85 % yield),  of  white  crystalline  product,  mp  85-6°,  IR  (KBr)  1590,  1430,  1320, 
1260,  1200,  1100  and  700  cm-1:  proton  NMR  (CDClj) ^7*35  (s,  10  H,  CgHj),  2.63 

(m,  4 H,  CTgCBgSi),  1.17  (m,  4 H,  CHgSi);  fluorine  NMR(CDC13)  <)>  105-7  (<^=18  Hz)* 
Anal.  Oalcd  for  C^gH^OgN^FgSi : C,  44.63;  H,  3*75.  N,  11.57*  Found:  C, 
44.84;  H,  3*85  N,  11.39* 

1, 1, 3, 3. 5 . 5-Hexakis(3-fluoro-3. 3-dlnitropropyl)cyclotrisiloxane.  A solu- 
tion of  10  g (.021  mol)  of  bis- ( 3, 3, 3- f luorodinitropropyl ) diphenylsilane  in  25  ml 
of  methylene  chloride  and  25  ml  of  acetic  acid  was  stirred  with  10  g (.0625  mol) 
bromine  for  3 day6.  Water  (10  ml)  was  added  and  the  reaction  mixture  was  stirred 
for  24  hours.  The  solution  was  washed  with  water  and  solvent  was  removed.  The 
product  was  redissolved  in  methylene  chloride  and  2 g of  bromine  was  added. 
Crystals  slowly  formed  and  after  4 days,  4.8  g (67$  yield)  of  1, 1, 3,3,5,5-bexakis- 

(3-fluoro-3, 3-dinitropropyl)cyclotrisiloxane  was  isolated  by  filtration.  The 

« # 

product  was  recrystallized  from  ethyl  acetate  and  Skelly  F to  give  white  crystals, 
mp  207-9°,  density > 1.59  g/cc;  IR  (KBr)  1590,  1320,  1270,  1210,  1090  cm"1;  proton 
WMR  (Dg  acetone) /3*l4  (m,  4 H,  CHg-CF),  1.20  (m,  4 H,  CH^Si);  fluorine  MMR 


(Dgacetone)  <j>  106.0;  molecular  weight  (vapor  phase  osuometer/EtOAc),  1010  t 5 
(trimer  ■ IO38). 

Anal.  Galcd  for  CgH^O^Si : C,  20.83;  H,  2.33,  N,  16.19.  Found:  C, 

21.00;  H,  2.36  N,  16.17. 
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